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2. The specifics of the CNC system  
CNC systems have some distinct peculiarities. First of all, 
they implement the control of complicated technological 
equipment in the hard real-time mode [3]. Secondly, their 
work comprises the computing and the technological aspects, 
which makes them more complicated. This defines the 
specific requirement for the CNC system as a hardware and 
software complex, being the information source for the control 
systems of upper level, like the ERP or MES systems. 
Thirdly, the CNC system is a complex hardware and 
software product which is constantly evolving. The 
development of new versions is undertaken continuously. As a 
rule, the concept of the CNC system kernel doesn't change 
from version to version, and the evolution is carried out by the 
improvement of the program code, which is accomplished by 
means of revealing and excluding bugs and code optimization, 
as well as via the extension of kernel functional capabilities 
[4]. It is the software part of the CNC system that varies the 
most during the stage of development, yet it is as well more 
vulnerable to bugs, and therefore in some cases end users need 
to receive the software updates of the CNC system (like the 
updates of office software products). But to the contrary of 
office software products, CNC system works in more 
complicated conditions, since it implements the control in 
hard real-time mode, and in emergency situations, the 
controlled machines can not only present danger to the staff, 
but also be seriously damaged themselves, with their price 
sometimes exceeding a million euros. These circumstances 
make impossible the online updates of CNC system software, 
given the possible dangers. Meanwhile, the idle time related to 
software updates, engenders financial losses (German 
specialists estimate one hour of idle time of a CNC machine 
tool in €150 on average). Besides, the software updates can 
require changes in part programs for ensuring the correct work 
of machine tools.  
Fourth, the CNC system is a product developed for 
machine tool builders who use these systems on their 
technological equipment, with the end user of the CNC system 
effectively using this equipment at the shop floor. The CNC 
manufacturer creates his product focusing on the demands of 
the machine tool builders, while the latter form their demands 
(in particular, related to the functionality of the CNC system) 
according to the needs of the end user. In future all the 
questions related to using the CNC system should be 
addressed by the end user to the CNC system manufacturer, 
yet this relation is usually not at all developed, thus creating 
problems at the shop floor, including the damage of the 
machines.  
3. The formation of control platform 
The control platform is an extensible set of hardware and 
software solutions, of which are composed specialized CNC 
systems of technological equipment. This can be not only 
CNC system but a PLC, PAC (Programmable Automation 
Controller), Motion Control and in the future - Robot Control 
systems. The composed control system is focused just on 
specific technological equipment and it has no redundancy, 
which is typical for CNC systems offered in the market. 
On the lower level the hardware layer is placed (Fig. 1). The 
Kernel of the control system, depending on the requirements, 
can be implemented on standard PC components 
(motherboard, memory, ports ...) and NC-specific hardware 
that realizes the field bus protocols (SERCOS, EtherCAT, ...). 
Alternatively, it can be implemented on single-board 
computers hardware, for example, ARM architecture. The 
HMI (Human machine interface) in the terminal part can be 
built on the PC or ARM processor. 
 
 
Fig. 1. Hierarchical structure of control platform. 
Above there is the layer of the operating system. The kernel 
uses real time operating system (RTOS) RTLinux and 
Windows RTX (Real Time eXtension), but in future it will be 
possible to extend the supported RTOS with Windows CE or 
VxWorks. Solutions based on Windows involve kernel 
working in non-real time, which is often used to control the 
test benches. 
Hardware layer together with the operating system layer 
form a system platform, which on the one hand, is the basis 
for the development of control systems, and on the other hand, 
is open for new solutions in accordance with the future trends 
in the computer industry. 
The idea of cross-platform approach assumes masking 
system platform features of the CNC application software 
through a portable layer of cross-platform libraries [5]. At the 
control system kernel a platform-independent library is 
created, which provides timers, mutexes, semaphores, shared 
memory, threads, wrappers of Runtime library functions, and 
other elements that are specific to real time operating systems. 
The standard solutions available on the market are used in the 
terminal part. 
The layer of CNC application software is written using 
only cross-platform library functions, with no direct access to 
the functions of the operating system. The control system 
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algorithm, kinematic transformation algorithms, SoftPLC 
algorithms and scheduling algorithms. In the terminal part 
implements the HMI, various editors, specific diagnostic 
applications, etc. [6]. 
 
Fig. 2. Decomposition and synthesis of specialized CNC systems. 
 
Determine 
necessary 
treatment
technology and 
functionalities of 
the control system
Select the 
required set of 
components using 
the matrix of 
solutions for the 
implementation of 
treatment 
technologies
Determine a set 
of fieldbuses and 
peripheral devices 
connected to the 
CNC
Determine the 
one- or two-
computer 
architecture of 
control system, 
depending on the 
required 
processing power
Assemble the 
specialized CNC 
system for the 
specific 
technological 
equipment in a 
modular approach
Process of synthesis of specialized CNC systems
Analyse CNC control 
tasks and treatment 
technologies
Constrict the matrix of 
solutions
Expand the set of 
solutions matrix 
treatment 
technologies if 
necessary
Process of decomposition of CNC 
systems
1 2 3
1 2 3 4 5
Treatment 
technologies 
CNC control tasks
Geometric Logical Terminal Communication Technological Diagnostic
Continuous laser 
machining 
 Processing of 
laser signals 
Preparation of part 
programs 
Communication 
functions for 
laser 
Communication 
functions for 
laser beam 
deflection 
Adaptive control 
of laser emission 
Diagnostics 
and monitoring 
of laser 
parameters Pulsed laser 
machining 
Synchronization 
of movement 
and laser pulses 
The adaptive 
control of laser 
pulse frequency 
Multi-axis machining Kinematic 
transformation 
 Interface of multi-
channel control 
Multiprotocol 
communication 
interface with 
servo drives 
Adaptive 
compensation 
Logic Analyzer 
Electronic gear 
box 
Control of drives 
via the "master-
slave“ scheme 
Prediction of 
tool wear 
Digital 
Oscilloscope 
Hybrid and multi-
tasking machining 
External 
interpolator 
Synchronization 
of  control of 
different 
treatment 
energies 
Specialized function 
of visualizing hybrid 
and multi-tasking 
machining 
 Specialized 
canned and 
measuring cycles 
 
Water jet machining Correction 
contour 
according to the  
jet shape 
Control system 
of high pressure 
station 
Displaying and 
setting the 
parameters of water 
jet 
Communication 
with the high 
pressure station 
Adaptive control 
of parameters 
Diagnostics 
and monitoring 
of high 
pressure station 
3D planing machining Tool orientation 
before planing 
 Displaying and 
setting the 
parameters of planing 
 Specialized 
canned and 
measuring cycles 
 
Fig. 3. Expanding the solution matrix with 3D planing technology. 
 
861 Sergej N. Grigoriev and Georgi M. Martinov /  Procedia CIRP  41 ( 2016 )  858 – 863 
4. De
syste
Fo
syste
proce
tasks
the s
techn
horiz
hardw
treatm
contr
Th
matri
perfo
treatm
the te
Th
step 
funct
Th
techn
multi
[10], 
secon
comp
imple
Th
devic
speed
CAN
Th
archi
proce
the m
or sta
comp
Table
Table 
CNC k
Linux 
RTX P
PC ba
ARM 
Table 
CNC t
Regula
Remot
Simpli
 
An
versi
composition
ms 
rmally, the 
ms is divide
ss at the first
 and treatmen
olution matr
ology are arr
ontally [7]. A
are and so
ent technol
ol tasks. 
e third step 
x treatment 
rmed iterativ
ent technolo
chnology of 3
e synthesis p
determines th
ionality of the
e solution 
ologies: con
-axis machin
water jet m
d step select
onents usin
mentation of
e third step d
es connected 
 SERCOS II
bus, Memobu
e fourth ste
tecture of C
ssing power 
inimum inter
ndalone work
uter architec
 1 and Table 
1. Variants of CN
ernel 
PC based 
C based 
sed 
based 
2. Variants of CN
erminal H
r  x
e  x
fied A
y version of 
on of the CN
 and synthesi
decompositio
d into two p
 step assume
t technologie
ix is constru
anged vertica
t the intersec
ftware comp
ogic functio
assumes an e
technologies
ely to exp
gies. An exam
D planing. 
rocess consi
e necessary p
 control syste
matrix inclu
tinuous and 
ing [9], hyb
achining and
s the required
g the mat
 treatment tec
etermines a s
to the CNC. 
I and EtherC
s, SERCOS I
p determine
NC system, 
and a number
polation cycl
, etc. [13]. V
ture of CNC
2. 
C kernel. 
Hardware O
x86 R
x86 M
x86 M
ARM L
C terminal. 
ardware OS 
86 MS W
86 MS W
iOS, 
RM Linux
the terminal c
C system. Ta
s of specializ
n and synt
rocesses. Th
s the analysis
s (Fig. 2). A
cted in whi
lly, and CNC
tion of matrix
onents that
nality accord
xtension of th
 if necessar
and the ran
ple (Fig. 2) 
sts of severa
rocessing tec
m.  
des the foll
pulsed laser
rid and mult
 3D planing
 set of hardw
rix of sol
hnologies.  
et of fieldbus
At present, su
AT buses, as
I and others b
s the one- 
depending 
 of additiona
e, integration 
ariants of usi
 system are
S 
T Linux 
S Windows +R
S Windows 
inux 
indows 
indows, Androi
Windows Mobile
  
an be connec
ke in conside
ed CNC 
hesis of con
e decomposi
 of CNC con
t the second 
ch the treatm
 control task
 cells are loc
implement 
ing to spec
e set of solu
y. This step
ge of avail
illustrates add
l steps. The 
hnology and
owing treatm
 machining
i-task machin
 machining.
are and softw
utions for 
es and periph
pported by h
 well as pop
uses [11,12].
or two-comp
on the requ
l factors, suc
in automatic 
ng a one- or t
 summarized
Interpolat
cycle rang
0.1÷4 ms
TX 0.1÷4 ms
1÷4 ms 
0.1÷4 ms
Frame 
work / 
.NET
d, 
 
Web 
browse
Qt, Jav
ted to any ke
ration that a 
trol 
tion 
trol 
step 
ent 
s – 
ated 
the 
ific 
tion 
 is 
able 
ing 
first 
 the 
ent 
[8],  
ing 
The 
are 
the 
eral 
igh-
ular 
  
uter 
ired 
h as 
line 
wo-
 in 
ion 
e 
API 
r 
a 
rnel 
full-
featu
comb
The 
kerne
techn
Th
the s
accor
As
illust
plani
5. Bu
millin
Th
requi
move
accel
(Tabl
imple
with 
in rot
mech
and 
slidew
other
 
red CNC ve
ination of R
variant of si
l with simpli
ological equip
e fifth step 
pecific techn
ding to the pr
 an example 
rates a synthe
ng and milling
ilding the co
g machine t
e design of 
rements of r
ment at a rat
eration of 2g,
e 3). Rotary a
mented in the
a hydraulic c
ary axes duri
anism, the hy
air-purging s
ay, the mis
. 
Fig. 4. Kinemati
rsion of one
TX PC based
ngle-board A
fied terminal
ment. 
assembles the
ological equip
evious steps. 
of the propos
sis of speciali
 machine too
ntrol system 
ool 
the machine 
igidity. The 
e not lower t
 also providin
xes B and C 
 spindle head
lamp for fixin
ng machining
draulic clamp
pindle system
cellaneous fu
c of five-axis pla
 computer 
 kernel and 
RM comput
) is applied t
 specialized 
ment in a m
ed approach,
zed CNC sys
l. 
for five-axis 
tool is chos
linear axes X
han 40 m/mi
g sufficient f
ensure the 3D
. The spindle
g and remov
. PLC control
 of spindle 
, the impul
nctions for m
ning and milling
architecture i
regular termi
ers (ARM-ba
o control sim
CNC system
odular appro
 the next cha
tems for five-
planing and 
en based on 
, Y, Z prov
n (Fig. 4) and
orce for plann
 planing and
 head is equip
ing the back
s the tool cha
head, the coo
se lubrication
easurement 
 machine tool. 
s a 
nal. 
sed 
ple 
 for 
ach 
pter 
axis 
the 
ide 
 an 
ing 
 are 
ped 
lash 
nge 
ling 
 of 
and 
 
862   Sergej N. Grigoriev and Georgi M. Martinov /  Procedia CIRP  41 ( 2016 )  858 – 863 
Tab
Pa
W
Ax
M
M
M
Li
M
det
sol
ma
tas
cyc
Int
fun
inte
PC
term
ma
key
CN
inte
spe
a S
and
rin
rea
add

M


3
le 3. . Machine to
rameter 
orking area X/Y/
is B rotation 
ax  planing force
ax planing speed
ax speed of a line
near axes acceler
achining accurac
 
Following th
ermining the
utions matrix
chining with 
king machini
les and 3D pl
 
The structure
egrated in CN
ctions. I/O 
rface bus cou
The CNC sy
 based kerne
inal part inc
chine M-key
board. Mach
C kernel thro
rface.  
Servo drive 
ed protocol S
ERCANS PC
 the servo d
g. A set of m
l-time netwo
resses of pas
 
Treatment 
technologies
ulti-axis machi
Hybrid and mu
tasking machin
D planing mach
ol parameters. 
Z 
 on  axis X 
 for C-axis 
ar axis 
ation 
y 
e declared 
 required t
. The CNC
kinematic tr
ng with spe
aning machin
 of the cont
C SoftPLC 
modules are
pler. 
stem has a tw
l and regular
ludes the ope
s, machine 
ine tool pane
ugh internal 
control is pe
ERCOS III. T
I board, whic
rives and bu
achine para
rk in the 
sive I/O modu
 
Geo
ning Kin
transf
lti-
ing 
ining Tool o
befor
F
Va
50
± 9
20
50
40
2g
8  
sequence of 
reatment tec
 should imp
ansformation,
cialized cann
ing (Fig. 5). 
rol system is
system perfor
 connected 
o-computer 
 terminal. T
rator panel f
tool panel 
l communicat
protocol base
rformed via 
he CNC kern
h is the maste
s couplers ar
meters config
control syste
les. 
metric 
ematic 
ormation 
 S
rientation 
e planing 
ig. 5. Set of solu
lue 
0/320/250 mm 
0 deg 
00 kg 
0 deg/min 
 m/min 
 
ȝm 
synthesis, fi
hnology from
lement mul
 hybrid and 
ed and mea
 shown in F
ms the cycle
via SERCO
architecture, 
he structure 
unction F-key
and industria
es directly wi
d on the seria
the standard 
el is equippe
r for SERCO
e the slaves 
ures the SER
m, includin
Logical
 
ynchronization 
of  control of 
different 
treatment 
energies 
 
tions for control
rst is 
 the 
ti-axis 
multi-
suring 
ig. 6. 
 logic 
S III 
Linux 
of the 
s and 
l PC 
th the 
l port 
high-
d with 
S ring 
in the 
COS 
g the inc
cut
fun
C
Terminal
Interface o
multi-chann
control
Specialize
function o
visualizing m
tasking 
machining
Displaying a
setting the
parameters 
planing
 systems of five-
Fig. 6. Kinem
The machine 
reasing the 
ting tool we
ctions for too
NC control task
Comm
f 
el 
Multi
comm
interf
servo
d 
f 
ulti-
 
nd 
 
of 
axis planing and 
atic of five-axis p
tool is equipp
accuracy of 
ar system [
l orientation
s
unication 
protocol 
unication 
ace with 
 drives P
 S
 S
milling machine 
laning and milli
ed with a me
processing a
14,15], as w
 before plani
Technological 
Adaptive 
compensation 
rediction of too
wear 
pecialized canne
and measuring 
cycles 
pecialized canne
and measuring 
cycles 
tool. 
ng machine tool.
asuring syste
nd forecasti
ell as for s
ng (Fig. 7). 
Diagno
Logic Ana
l Digita
Oscillosc
d  
d  
 
 
m for 
ng of 
pecial 
Touch 
stic
lyzer 
l 
ope 
863 Sergej N. Grigoriev and Georgi M. Martinov /  Procedia CIRP  41 ( 2016 )  858 – 863 
probe
it is 
from 
opera
schem
respo
to da
the 
receiv
conta
 
Fig. 7
6. Co
Th
techn
requi
solut
perm
equip
Th
build
mach
Ackn
Th
and S
 signal is sup
duplicated on
the touch pro
tor actions, s
e of conne
nse movemen
mage the tou
signal. The 
es notificatio
ct point and t
. Carry out resea
nclusion 
e synthesis 
ological ma
red hardware
ions significa
its the contro
ment enter th
e proposed 
ing control s
ine. 
owledgemen
is research w
cience of the
plied to the f
 the PLC inp
be and block
uch as a man
cting the tou
t stop to the e
ch probe and
CNC during
n of touch e
he current coo
rch on five-axis p
specialized C
of specialize
chines is pe
 and softwar
ntly reduces
l systems for 
e market. 
approach ha
ystems for f
ts 
as supported
 Russian Fed
ast drives con
uts. PLC pro
s the executio
ual tool chan
ch probe pr
vent of touch
 parallelize t
 executing 
vent, saved c
rdinates of st
laning and millin
NC system. 
d CNC syste
rformed by
e modules. U
 the develo
a wide range
s been succe
ive-axis plan
 by the Mini
eration as a p
troller inputs 
cesses the sig
n of a numbe
ge. The propo
ovides a tim
, reduces the 
he processing
measuring c
oordinates of
opping. 
g machine tool w
ms for conc
 combining 
sing a matrix
pment time 
 of technolog
ssfully tested
ning and mil
stry of Educa
ublic program
and 
nal 
r of 
sed 
ely 
risk 
 of 
ycle 
 the 
 
ith 
rete 
the 
 of 
and 
ical 
 in 
ling 
tion 
 in 
the sp
of S
3890
Refer
[1] N
Ma
20
[2] Gr
La
Co
30
[3] Ma
too
[4] Xi
PC
Ae
[5] Gr
PC
24
[6] M
rem
An
[7] Ma
Bu
Pro
[8] Ne
the
pro
[9] Gr
pla
20
[10] 
Mu
La
[11] M
pro
con
[12] M
Ko
Au
[13] M
Ma
of 
Ste
[14] M
of 
Re
[15] M
of 
20
 
 
here of scien
upporting L
.2014.9). 
ences 
eugebauer R, D
chine Tools. CI
07;56(2):657-686
igoriev SN, Mart
rge Machine To
mpetitive Manu
0. 
rtinov GM, Mar
l systems. Russi
ong-bo M, Zhen
-based Open Ar
ronautics 2007;2
igoriev SN, Mar
NC System for M
3. 
ori M, Fujishim
ote monitoring
nals - Manufactu
rtinov GM, Obu
ilding Specializ
cedia CIRP 201
zhmetdinov RA,
 functional capa
cessing. Automa
igoriev SN, Ma
tform CNC Ke
14;14: 517-522.
Martinov GM, 
ltifunction Num
ser Machine Too
artinova LI, Pu
blems of axle s
trol system 2014
artinov GM, 
valev IA. An A
tomation and rem
artinov GM, L
chine Tool Cont
COMA 13, Inte
llenbosch (South
artinov GM, Gri
their life in nu
search 2013; 33(
artinova LI, Gri
cutting tool wea
12; 73(4):742-74
tific activity 
eading Scie
enkena B, Weg
RP ANNALS-M
. 
inov GM. Decen
ols. Proc. of CO
facturing, Stellen
tinova LI. Trends
an Engineering R
-yu H, Yong-zha
chitecture Softw
0(3):272-281. 
tinov GM. Scal
ulti-Axis Mach
a M, Komatsu M
and maintenanc
ring Technology
hov AI, Martino
ed CNC Syste
4;14: 511-516. 
 Sokolov SV, Ob
bilities of NC sy
tion and remote 
rtinov GM. Res
rnel for Multi-a
Ljubimov AB
erical Control 
l, Procedia CIRP
shkov RL, Koza
ynchronization a
; 75(1): 129-138
Lyubimov AB, 
pproach to Bui
ote control 2015
jubinov AB, M
rol and Diagnost
rnational Confer
 Africa); 2013. p
goriev AS. Diag
merically contr
7):433-437. 
goryev AS, Sok
r at CNC mach
9.  
and Russian 
ntific Schoo
ener K. Mech
ANUFACTURIN
tralized CNC Au
MA 13, Internat
bosch (South A
 in the numerica
esearch 2010;30
ng W, Hong-ya 
are-CNC System
able Open Cros
ine Tool. Proced
, Zhao B, Liu
e system for m
 2008;57(1):433
va LI, Grigoriev 
ms for Non-tr
ukhov AS, Grig
stems for contro
control 2014; 75
earch and Deve
xis Machine T
, Grigoriev A
Solution for Hy
 2012;1:260-264
k NV, Trofimov
nd exact positio
. 
Bondarenko A
lding a Multipro
; 72(10): 345-35
artinova LI, Gr
ic Based on Web
ence on Compe
. 351-356. 
nostics of cutting
olled systems. 
olov SV. Diagno
ines. Automation
Federal Prog
ls (grant N
atronic Systems
G TECHNOLO
tomation System
ional Conferenc
frica); 2013. p. 
l control of mach
(10):1041-1045.
F. Development 
. Chinese Journ
s-Platform Kerne
ia CIRP 2012;1:
 Y. Developmen
achine tools. C
-436. 
AS. An Approac
aditional Proce
or’ev AS. Exten
l over mechano-
(5): 945-952. 
lopment of a Cr
ool. Procedia C
S, Martinova 
brid Mechanic 
. 
 ES. Solution to
ning in a nume
I, Sorokoumov 
tocol CNC Sys
1. 
igoriev AS. Rem
 Technologies. P
titive Manufactu
 tools and predic
Russian Enginee
stics and foreca
 and remote co
ram 
Sh-
 for 
GY 
 for 
e on 
295-
ine-
of a 
al of 
l of 
238-
t of 
IRP 
h to 
sses. 
ding 
laser 
oss-
IRP 
LI. 
and 
 the 
rical 
AE, 
tem. 
ote 
roc. 
ring, 
tion 
ring 
sting 
ntrol 
